a2 United States Patent

US009277414B2

10) Patent No.: US 9,277,414 B2

Jitsukawa (45) Date of Patent: Mar. 1, 2016
(54) WIRELESS COMMUNICATION SYSTEM, (56) References Cited
BASE STATION, AND MOBILE STATION
U.S. PATENT DOCUMENTS
(71) Applicant: FUJITSU LIMITED, Kawasaki-shi, N
Kanagawa (JP) 8,412,256 B2 . 4/2013 Lc?e etal. ..ovvnin 455/522
8,521,215 B2 8/2013 Hirakawaetal. ............. 455/524
(72) Inventor: Daisuke Jitsukawa, Adachi (JP) (Continued)
(73) Assignee: FUJITSU LIMITED, Kawasaki (JP) FOREIGN PATENT DOCUMENTS
(*) Notice: Subject. to any disclaimer,. the term of this wg %8}8;82%;3% ﬁ} ggg}g
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS
(21) Appl. No.: 14/228,846 3GPP TS 36.211 V10.2.0 (Jun. 2011), “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
(22) Filed: Mar. 28,2014 Evolved Universal Terrestrial Radio Access(E-UTRA); Physical
. L Channels and Modulation (Release 10)”, pp. 1-103 (http://www.
(65) Prior Publication Data 3epp.org).
US 2014/0211717 Al Jul. 31,2014 (Continued)
Related U.S. Application Data
o o Primary Examiner — Edan Orgad
(63) Continuation of application No. PCT/JP2011/072677, Assistant Examiner — Sithu Ko
filed on Sep. 30, 2011. (74) Attorney, Agent, or Firm — Fujitsu Patent Center
(51) Imt.ClL
HO4W 72/04 (2009.01) 7) ABSTRACT
HO4W 88/08 (2009.01) A wireless communication system 1 performs inter-cell coor-
HO4W 16/14 (2009.01) dination control that coordinates a pico base station 100 and
HO4L 5/00 (2006.01) a macro base station 200 with each other and transmits a
HO4W 28/16 (2009.01) signal to a mobile station 10 of a picocell. The pico base
(Continued) station 100 includes a controller .10011 and a communication
unit 10056. The controller 100a interleaves resources of an
(52) US.CL E-PDCCH of the picocell corresponding to a predetermined
CPC HO4W 16/14 (2013.01); HO4L 5/006  resource unit based on a coordinated area ID that is an iden-
(2013.01); HO4L 5/0035 (2013.01); HO4L  tifier common to the pico base station 100 and the macro base
5/0039 (2013.01); HO4L 5/0053 (2013.01); station 200. The communication unit 1005 transmits a control
HO4L 5/0073 (2013.01); HO4W 28/16 signal to the mobile station 10 of the picocell using a first
(2013.01); HO4L 1/1861 (2013.01); HO4W resource of the E-PDCCH of the picocell that corresponds to
72/1226 (2013.01) at least a part of the predetermined resource unit and is to be
(58) Field of Classification Search decoded by the mobile station 10 of the picocell.

USPC ittt 370/329
See application file for complete search history.

11 Claims, 19 Drawing Sheets

MOBILE
1 STATION 8G2

PICO BASE

STATION




US 9,277,414 B2
Page 2

(51) Int.CL

HO4W 72/12 (2009.01)
HO04L 1/18 (2006.01)
(56) References Cited

U.S. PATENT DOCUMENTS

2011/0243191 Al 10/2011 Nakao et al.
2012/0282936 Al* 11/2012 Gaoetal. .......cccevevnn. 455/450

OTHER PUBLICATIONS

3GPP TS 36.212 V10.2.0 (Jun. 2011), “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access(E-UTRA); Multiplexing
and Channel Coding (Release 10)”, pp. 1-78 (http://www.3gpp.org).
3GPP TS 36.213 V10.2.0 (Jun. 2011), “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
Layer Procedures (Release 10)”, pp. 1-120 (http://www.3gpp.org).

3GPP TR 36.814 V9.0.0 (Mar. 2010), “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); Further
Advancements for E-UTR A Physical Layer Aspects (Release 9)”, pp.
1-104 (http://www.3gpp.org).

3GPP TSG RAN WG Meeting #65, R1-111636, Barcelona, Spain,
May 9-13, 2011, NTT DOCOMO, “DL Control Channel Enhance-
ment for DI, MIMO in Rel-117,6.3.2.2, pp. 1-6.

International Search Report, mailed in connection with PCT/JP2011/
072677 and mailed Jan. 10, 2012.

EESR—Extended Furopean Search Report of European Patent
Application No. 11873197.5 mailed Feb. 23, 2015.

Kyocera,; “Range Expansion Performance and Interference Manage-
ment for Control Channels in Outdoor Hotzone Scenario”; 3GPP
Draft; R1-102363 RE CCH OUTHOT, 3GPP: Mobile Competence
Centre; 650, Route Des Lucioles; F-06921; Apr. 6, 2010,
XP050419587.

JPOA—Office Action of Japanese Patent Application No. 2013-
535808 mailed Sep. 8, 2015, with English translation.

* cited by examiner



U.S. Patent Mar. 1, 2016 Sheet 1 of 19 US 9,277,414 B2

FIG.1

MOBILE
’ STATION SG2

PICO BASE
STATION




U.S. Patent Mar. 1, 2016 Sheet 2 of 19 US 9,277,414 B2

4 REs AND CELL-SPECIFIC RS
{ —>» FREQUENCY
v [ ] 3]
. CONTROL
CHANNEL
SYMBOL REGION
sLOT
(0.5 ms)
A A
SHARED
§ > CHANNEL
5 REGION
SUBFRAME
4T SIREANENNENE
R 2 ] lTIME

WHEN THE NUMBER OF TRANSMISSION
ANTENNAS=4, n=3, Short CP

SEEEHC rs EARSREG



U.S. Patent Mar. 1, 2016 Sheet 3 of 19 US 9,277,414 B2
cce|cce|cce|ccE|ccE|ccE |ccE|ccE|ccE|ccE|ccE|ccE
o |l 1|l 213|456 7|89 |10]11
PDCCH|  #0 #1 #2 #3 i ’
LoL=2 L=1 {L=2 § L=4! §
cce|l #o #1 | NIL # NIL #3
’ N
QPSK \) ——————————
sYMBOL| #0 [#1] | #2 | NIL #3
SERIES
Quadruplet|0|1]2]3
5 INTERLEAVE, CELL- |
SPECIFIC CYCLIC SHIFT
ol1]2]3
MAPPING TO REG
—» FREQUENCY
Rs:% O ARSH0 oﬁ]fzs AN §R%:S:§ VAW
RSN ERSRINNIN RS s 5 RSV 54 5
222233336666lT|ME




US 9,277,414 B2

Sheet 4 of 19

Mar. 1, 2016

U.S. Patent

(4%

o¢c

6¢

8¢

1Z

9¢

14

ve

€¢

44

0¢

6l

8l

Ll

14113 14"

€l

¢l

ol

A=

8=1v
P=1v SS
O14103dS
z=1v 3N
=1V
g=1v
SS
NOWANOD
p=1v
'300




U.S. Patent Mar. 1, 2016 Sheet 5 of 19 US 9,277,414 B2

FIG.5

FREQUENCY

SUBFRAME

PDSCH E-PDCCH

Y.

R

SYSTEM BANDWIDTH



U.S. Patent Mar. 1, 2016 Sheet 6 of 19 US 9,277,414 B2

FIG.6

FREQUENCY
. “TWO
TIME Control region (Rel-8) I_ SYMBOLS
C .~ C o~
8= | 8=
?é i'f% E-Control
Bv 6\_, region
so| £ Tybe2 PDSCH
38|88 (RBO-7)
MAPPING | 72 | &F MAPPING
AFTER A A AFTER
INTERLEAVING \ ~— INTERLEAVING
BASED ON BASED ON CELL
COORDlNATED% ID BY REGION
R ;
el T T TTTTTTTTINTTTIDLTTTTTTN
CCE AVAILABLE| = CCE FOR INTER-CELL CCE FOR NON-
INCELL 1] COORDINATION CONTROL § COORDINATION CONTROL |
S N T YA TN Y T Y Y
CCE [T~ T< 7 -
ALLOCATION TO { A { £ bedy Y
RESPECTIVE (UE4) ‘
PIECES OF UE | z e
CELL | oF { E-PoccH | OR
CELL 2 | o2 (UE2) =]
ccefit W T TIITS
ALLOCATION TO E-PDCCH
RESPECTIVE ) ‘L (UE5) | |
PIECES OF UE: In_| N Lo
E FOR <
T T I T T T I T T TV ICSEOR S
CCE AVAILABLE[ = CGE FOR INTER-CELL COORDI-
INCELL 2:] COORDINATION CONTROL } |RATion | |
S M R B S,
C ; —~CONTROL"
A .
. THREE
] /)ontrol region (Rel-8) SYMBOLS
w v ¢ -
= 5= | &= S~
g s Lo
2| 85| By | 52
a s | X g
@ < | 2< | 8= PDSCH
2| 9g 9
Q> Q5> 82
wH | wk Q>
L
\4




U.S. Patent Mar. 1, 2016 Sheet 7 of 19 US 9,277,414 B2

FIG.7

FREQUENCY

Rel-8 Control region
Cell-specific RS

N [ Jcsirs

Té =1 E-Control region
. o %gég % (PART WHOSE ARRANGEMENT IS

INDEPENDENT OF CELL)

= E-Control region
[ (PART WHOSE ARRANGEMENT IS
DEPENDENT ON CELL)

N ‘”‘*% R
REG FOR E-PDCCH




U.S. Patent Mar. 1, 2016 Sheet 8 of 19 US 9,277,414 B2

FIG.8

FREQUENCY

Rel-8 Control region
Cell-specific RS
[ Jcsirs

7 | o E-Control region
.| (PART WHOSE ARRANGEMENT IS
m INDEPENDENT OF CELL)

E-Control region
(PART WHOSE ARRANGEMENT IS
DEPENDENT ON CELL)

% > REG FOR E-PDCCH
|




U.S. Patent Mar. 1, 2016 Sheet 9 of 19 US 9,277,414 B2

FIG.9

§1
WIRELESS COMMUNICATION SYSTEM 100
<
PICO BASE STATION <100a <1005
CONTROLLER COMMUNICATION
101 UNIT
< <108 <107 A1
CoMP-
UPLINK CONTROL RF RE-
A o [ SIGNAL «H—CEPTION 7
UNIT DEMODULATOR UNIT
¢105
REFERENCE
SIGNAL P , 106
GENERATOR| |
Zx
v v <102 <104 Zu
CONTROL | | &Y
SCHEDULER [—»| SIGNAL ¥ J&
i GENERATOR gg (110
<103 22 (109 - Ao
DATA SIGNAL || & | IFFT 5| TRANS-
GENERATOR [ > ONT > MISSION 1
UNIT
<200
MACRO BASE STATION <2000 <2000
CONTROLLER COMMUNICATION
UNIT
<203 (206 <209 <210
DATA SIGNAL o IFFT o _ RF -
> > »| TRANS- S
GENERATOR [ & UNIT RANS
202 204 Zy UNIT
v ¢ < < %
CONTROL | [SY
SCHEDULER SIGNAL P D&
GENERATOR| | &5
A A 205 & 3
< >SS
REFERENCE | | T
SIGNAL [
<201 GENERATOR
208 <207 A3
CoMP- S
APPLICABLE UE UPLINK CONTROL RF RE-
DETERMINING [ SIGNAL < CEPTION Ay
UNIT DEMODULATOR UNIT




U.S. Patent Mar. 1, 2016 Sheet 10 of 19 US 9,277,414 B2

FIG.10

(10
MOBILE STATION
§10b §10a
COMMUNICATION CONTROLLER
UNIT
A5 (11 (12 13
=zl C'EE%%'N o FFT DATA SIGNAL .
> S ?l UNIT »| DEMODULATOR >
A
T_ §16
y 14 cal
CONTROL SIGNAL > E,’Q'T‘&%
”| DEMODULATOR UNIT
A
§15 §17
CHANNEL RSRP
» ESTIMATING » MEASURING
UNIT UNIT
as ST 18
< ES TRARS. UPLINK CONTROL |¢
< SIGNAL )
MISSIEN GENERATOR




-~~~ "TRANSMIT PDSCH | 512

TRANSMIT PDSCH

<S14

DECODE PDSCH

{s13

U.S. Patent Mar. 1, 2016 Sheet 11 of 19 US 9,277,414 B2
PICO BASE STATION MACRO BASE STATION
MOBILE (CONNECTION CELL) (COORDINATION GELL)
STATION
E-CONTROL REGION
CONFIGURATION
< INFORMATION
Cs
TRANSMIT CSI-RS
) (g2 TRANSMIT CSI-RS
s4
S (g3
MEASURE RSRP OF
RESPECTIVE CELLS
RSRP OF RESPECTIVE GELLS |
<s5 ¢S6
DETECT CoMP-APPLICABLE UE,
DETERMINE COORDINATION CELL
INSTRUCT SS SWITCHING
<S7 ng
EXECUTE USER SCHEDULING
COORDINATED BETWEEN CELLS
(E-PDCCH/PDSCH)
=~ TRANSMIT E-PDCCH | gg
- s b ]
D ' TRANSMIT E-PDCCH
N 7
¢S S10
i RECEPTION SINR
%%%%%EEEDPS?ECACF?CLT 221+ INCREASES OWING TO
SPACE AND ACQUIRE CoMP JOINT
RESOURCE ALLOCATION TRANSMISSION
INFORMATION OF PDSCH .



US 9,277,414 B2

Sheet 12 of 19

Mar. 1, 2016

U.S. Patent

TOH1LNOD NOILYNIGHOO0D

TOYLNOD NOILYNIHOO0D

(Z3dAL) NOI9D3Y TOYINOD-3 OL ONIddVA -

¢l Old

-NON d04 300 ; T130-"431NI 404 300
JodAL §8-3 i
R T R N e e
"ll\"lll 'lll&'lll%'l1l\

(13dAL) NOID3Y TOYLNOD-3 OL ONIddVYN -

8=Tv

y=1v

=V

L=V

300



US 9,277,414 B2

Sheet 13 of 19

Mar. 1, 2016

U.S. Patent

TOHLNOOD NOILVYNIAHOOD
“NON H404 300

TOHLNOD NOILVYNIdH00D
T130-431NI 404 300

———
- ~

llllllllllllllllllll l_llll/ - am e o, - em e o— - e e e— - am e e,

(23dAL) NOIDIY TOHINOD-I OL ONIddYI -

¢1old

T I

(13dAL) NOIDTIY TOYINOD-I OL ONIddVI -



U.S. Patent

S33

CAN RB FOR
DATA SIGNAL BE
RESERVED?

| YES (s34

CoMP-APPLICABLE
UE?

CAN
RB FOR
DATA SIGNAL BE
RESERVED IN CONNECTION

S38

SELECT AL OF E-PDCCH

CELL AND

S35
CAN CCE

BE RESERVED IN
REGION OF E-SS
TYPE2?

YES

COORDINATION
CELL?

YES  (S39

SELECT AL OF E-PDCCH

Mar. 1, 2016 Sheet 14 of 19 US 9,277,414 B2
FIG.14
< START ’
>v< ¢S31
SELECT UE TO BE SCHEDULED I
NO ISIT

CAN CCE S40
BE RESERVED IN

REGION OF E-SS TYPE1 OF
CONNECTION CELL AND
COORDINATION
CELL?

i YES §836

RESERVE RB AND CCE

S37

IS THERE
ANY OTHER UE
TO BE SCHEDULED WITHIN
COORDINATED
AREA?

YES




U.S. Patent Mar. 1, 2016 Sheet 15 of 19 US 9,277,414 B2

FIG.15

FREQUENCY
- ATwo
TIME Control region (Rel-8) v SYMBOLS
C — C o—
6= | &®
?E i'a’% E-Control
(_)v ° A5 region
eo | i: (FIE’{S%Z) PDSCH
[o] [e) —
oS | 0% MAPPING
MAPPING AFTER | W | wh, AFTER
INTERLEAVING A A INTERLEAVING
BASED ON \ [~ BASED ON
COORDINATED CELL ID BY
AREA ID BY REGION
REGION / v v

LT T
NT

CCE AVAILABLE CCE FOR |

LT Ty T rrrrrrrr\
-CELL CCE FOR NON-

INCELL 1:| COORDINATION CONTROL | COORDINATION CONTROL
S I T T I I . NV I T N
ALLOCATION Y6 [L L T TN TRANS P T T TN 1L \
s E-PDCCH{MISSION-{E-PDCCH E-PDCCH
RESPECTIVEL (UE1) | FREE | (UE3) (UE4)
PIECESOF UE: b~ A ReGion Par 2N Ll L /
CELL1 v
CELL2
CCE! TRANS- T T TN TRANS- 7] [ [ | | ¥
ALLOCATION TO | MISSION- |E-PDCCH{MISSION-| |E-PDCCH
RESPECTIVE; FREE { (UE2) ] FREE (UES) | |
PIECES OF UE | REGION [a o I REGION [l L L L
TITTITTTITITTTY “Son - )
CCE AVAILABLE CCE FO NTER-CELL COORDINA-

Rl
INCELL2:| COORDIN 0 ) Rt el
NS W e N GONTROL

I A A

A
/ / /)ontrol region (Rel-8) g:'(l\R/IEI(E)LS
w \ 4 ' 4 o
2 < | && 5~
D [ P 20
i o8 o Do
@ s | s | =T
3 - | 5| €% PDSCH
S8 | 38| 5%
Qx| QX 3¢
wH | wk gt
L
v




U.S. Patent Mar. 1, 2016 Sheet 16 of 19 US 9,277,414 B2

FIG.16

§2
WIRELESS COMMUNICATION SYSTEM 200
<
PICO BASE STATION 3005 <300b
CONTROLLER COMMUNICATION
301 UNIT
< <308 <307 A7
ICIC-
UPLINK CONTROL RF RE-
A LICABLE F [« SIGNAL «—{CEPTION 7
UNIT DEMODULATOR UNIT
<305
REFERENCE
SIGNAL P , [~—306
GENERATOR| |
Zx
v oy <302 ¢304 Zu
CONTROL | |&u
SCHEDULER —» SIGNAL & 28
A GENERATOR 9; (310
<303 22 <309 - A8
DATA SIGNAL |y ] 0 IFFT | TRANS-
GENERATOR [ > UNIT > MISSION kg
UNIT
<400
MACRO BASE STATION <4008 <4000
CONTROLLER COMMUNICATION
(403 406 <409 <410 A10
DATA SIGNAL ol IFFT o - RF .
> > > TRANS- S
GENERATOR[" | & UNIT Vh-e S
402 204 |25 UNIT
v S < <
CONTROL Su
SCHEDULER ¥ SIGNAL P o
GENERATOR| |5
A A =3
405 932
REFERENCE | | £
SIGNAL P
401 GENERATOR
e (408 <407 A9
APPLICABLE UE UPLINK CONTROL RF RE-
DETERMINING [ SIGNAL < CEPTION Ay
UNIT DEMODULATOR UNIT




U.S. Patent Mar. 1, 2016 Sheet 17 of 19 US 9,277,414 B2

FIG.17

PICO BASE STATION MACRO BASE STATION
S'V'T%‘.ﬂgi (CONNECTION CELL) (COORDINATION CELL)

E-CONTROL REGION
CONFIGURATION
INFORMATION

TRANSMIT CSI-RS

4852 TRANSMIT CSI-RS
§854 N

4853

MEASURE RSRP OF EXCHANGE TRANSMISSION-
RESPECTIVE CELLS FREE REGION INFORMATION
(E-PDCCH/PDSCH)

{356

{g57
RSRP OF RESPECTIVE CELLS‘
{355

>

A

(S58

DETECT ICIC-APPLICABLE UE,
DETERMINE COORDINATION CELL

INSTRUCT SS SWITCHING

{s59 (560
EXECUTE USER SCHEDULING BASED ON
TRANSMISSION-FREE REGION OF COORDINATION GELL
(E-PDCCH/PDSCH)
==~ TRANSMIT E-PDCCH _L 41
P b yam
7 ) (TRANSMISSION-FREE)
‘"i::':}’-'---'.-:_: """"""""""""""""""""""""""""""""""""""""""
§862 - T
DECODE E-PDCCH IN .|, _RECEPTION SINR
REPORTED SS AND =T INCREASES OWING
ACQUIRE RESOURCE L TO ICIC
ALLOCATION L
INFORMATION OF PDSCH | .~
=" TRANSMIT PDSCH | g63

(TRANSMISSION-FREE)

§864

DECODE PDSCH




U.S. Patent

Mar. 1, 2016 Sheet 18 of 19 US 9,277,414 B2

, ¢S71
SELECT UE TO BE SCHEDULED

IS IT
CoMP-APPLICABLE
UE?

NO

S73
CAN RB FOR
DATA SIGNAL BE
RESERVED?

FOR DATA SIGNAL
BE RESERVED IN
REGION OVERLAPPING

YES <S74

SELECT AL OF E-PDCCH WITH TRANSMISSION-FREE

REGION OF
COORDINATION
CELL?

S75

CAN CCE
BE RESERVED IN
REGION OF E-SS
TYPE2?

YES  (S79
SELECT AL OF E-PDCCH

YES

CAN CCE
BE RESERVED
IN REGION IN WHICH
TRANSMISSION-FREE
REGION OF COORDINATION
CELL AND E-SS TYPE1
OVERLAP WITH
EACH
OTHER?

S80

@ YES (576
RESERVE RB AND CCE

IS THERE
ANY OTHER UE TO BE
SCHEDULED IN
CELL?

YES




U.S. Patent Mar. 1, 2016 Sheet 19 of 19 US 9,277,414 B2

FIG.19

FREQUENCY
Y-oNE
TIME Control region (Rel-8) 1 SYMBOL
. ~
CELL1:| 82% g8
sFo SE« PDSCH
O5F O5F
W o~ w o~
5] e
+ +
E-Control region Type2(RB0-7)
ALLOCATE
TOMELS ALLOCATE TO UE TO WHICH
CompliaieTe |_—~CoMP/ICIC IS ADOPTED
ADOPTED BETWEEN CELLS 1 AND 2
AMONG
CELLS1TO3
Control region (Rel-8) ‘yg\‘/(vl\(/I)BOLS
v
giw| gke
s s
CELL 2: S|l o
S52| 358 PDSCH
L i") L E’)
4
E-Control region Type2(RB0-6)
ALLOCATE TO UE TO WHICH
_—CoMP/ICIC IS ADOPTED
BETWEEN CELLS 2 AND 3
K
Control region (Rel-8) gyﬁ%%l_s
4
\4 \ 4
— — 0
gio|gte
CELL3:| 88| 8
OSP|O8E PDSCH
L gn ww gn
E-Control region Type2(RB0-5)




US 9,277,414 B2

1

WIRELESS COMMUNICATION SYSTEM,
BASE STATION, AND MOBILE STATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of Interna-
tional Application PCT/JP2011/072677, filed on Sep. 30,
2011, and designating the U.S., the entire contents of which
are incorporated herein by reference.

FIELD

The present invention relates to a wireless communication
system, a base station, a mobile station, and a wireless com-
munication method.

BACKGROUND

Conventionally, for Long Term Evolution (LTE) and LTE-
Advanced as a next-generation mobile communication sys-
tem, a heterogeneous network has been studied aiming at
enlarging system capacity and coverage. The heterogeneous
network is a network in which a macrocell and a cell consti-
tuted by a base station with low transmission power (herein-
after referred to as a “picocell”) are arranged in a coexisting
manner. In such a network, when the macrocell and the pico-
cell are operated at the same frequency, interference from the
macrocell to a picocell becomes a problem. In other words, in
a mobile station (hereinafter referred to as a “pico base sta-
tion”) connected to a base station of the picocell (hereinafter
referred to as a “pico mobile station™), a signal from the pico
base station is interfered with by a signal from a base station
of the macrocell (hereinafter referred to as a “macro base
station™).

The above-described inter-cell interference influences the
communication quality in physical channels (a control chan-
nel and a shared channel). In particular, in a system in which
subframe transmission timing is synchronized between cells,
the inter-cell interference may occur between the control
channels and between the shared channels. As a technology
that reduces the inter-cell interference, an inter-cell coordi-
nation control technology can be adopted. Examples of the
inter-cell coordination control technologies can include a
technology called Coordinated Multiple Point (CoMP),
which is under study in LTE-Advanced (Release-11), and
another technology called Inter-Cell Interference Coordina-
tion (ICIC) in LTE (Release-8). In the inter-cell coordination
control technologies such as CoMP and ICIC, a plurality of
base stations are coordinated to transmit a data signal using
the shared channel to a mobile station.

In recent LTE, there is concern about a shortage of the
capacity of the control channel when communications are
performed simultaneously among many users. As a technol-
ogy for solving the capacity shortage of the control channel,
atechnology is under study that enhances the control channel
to a shared channel region or the like. This technology fre-
quency-multiplexes a Physical Downlink Control Channel
(PDCCH) as one of the control channels to resources of a
Physical Downlink Shared Channel (PDSCH) as a shared
channel, thereby enhancing the PDCCH. The enhanced
PDCCH is called Enhanced-PDCCH (E-PDCCH)

Non Patent Literature 1: 3GPP TS 36.211 V10.2.0 (2011-
06)

Non Patent Literature 2: 3GPP TS 36.212 V10.2.0 (2011-
06)
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Non Patent Literature 3: 3GPP TS 36.213 V10.2.0 (2011-
06)

Non Patent Literature 4: 3GPP TR 36.814 V9.0.0 (2010-
03)

Non Patent Literature 5: 3GPP R1-111636 (2011-05)

The conventional technology does not consider reducing
the inter-cell interference of the control channel enhanced to
the shared channel region or the like.

For example, in the E-PDCCH, which is the control chan-
nel enhanced to the shared channel region or the like, inter cell
coordination control such as CoMP and ICIC is considered to
be adopted as is the case with the PDSCH as the shared
channel. However, it is difficult for the E-PDCCH that is
currently under study to adopt the inter-cell coordination
control such as CoMP and ICIC, because of being arranged in
a scattered manner across the entire bandwidth allocated. As
a result, control signals using the E-PDCCH may interfere
with each other between cells.

SUMMARY

A wireless communication system performs inter-cell
coordination control that coordinates a base station of a first
cell and a base station of a second cell with each other and that
transmits a signal to a mobile station of the first cell. The base
station of the first cell includes a first controller that inter-
leaves resources of a control channel of the first cell enhanced
to a predetermined region of the first cell corresponding to a
predetermined resource unit based on a common identifier
that is an identifier common to the base station of the first cell
and the base station of the second cell; and a first communi-
cation unit that transmits a control signal to the mobile station
of'the first cell using a first resource of the control channel of
the first cell that corresponds to at least a part of the prede-
termined resource unit and is to be decoded by the mobile
station of the first cell. The base station of the second cell
includes a second controller that interleaves resources of a
control channel of the second cell enhanced to a predeter-
mined region of the second cell corresponding to the prede-
termined resource unit based on the common identifier; and a
second communication unit that transmits a control signal to
the mobile station of the first cell using a second resource of
the control channel of the second cell that corresponds to at
least a part of the predetermined resource unit and is to be
decoded by the mobile station of the first cell. The mobile
station of the first cell includes a third communication unit
that receives the control signal transmitted from the base
station of the first cell using the first resource and receives the
control signal transmitted from the base station of the second
cell using the second resource.

The object and advantages of the invention will be realized
and attained by means of the elements, and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating an example of a heteroge-
neous network.

FIG. 2 is a diagram used for describing a mapping method
for physical channels.

FIG. 3 is a diagram used for describing a mapping method
for a PDCCH.

FIG. 41is adiagram used for describing a search space of the
PDCCH.
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FIG. 51s a diagram illustrating an example of an E-PDCCH
by an FDM approach.

FIG. 6 is a diagram used for describing a wireless commu-
nication method in a wireless communication system accord-
ing to a first embodiment.

FIG. 7 is a diagram illustrating an arrangement example
(Part 1) of an E-Control region in the first embodiment.

FIG. 8 is a diagram illustrating an arrangement example
(Part 2) of the E-Control region in the first embodiment.

FIG. 9 is a diagram illustrating the configuration of the
wireless communication system according to the first
embodiment.

FIG. 10 is a diagram illustrating the configuration of a
mobile station according to the first embodiment.

FIG. 11 is a diagram illustrating the operation of the wire-
less communication system according to the first embodi-
ment.

FIG. 12 is a diagram illustrating an example of an E-SS
Typel in the first embodiment.

FIG. 13 is a diagram illustrating an example of an E-SS
Type2 in the first embodiment.

FIG. 14 is a diagram used for describing a user scheduling
algorithm of a pico base station and a macro base station
according to the first embodiment.

FIG. 15 is a diagram used for describing a wireless com-
munication method in a wireless communication system
according to a second embodiment.

FIG. 16 is a diagram illustrating the configuration of the
wireless communication system according to the second
embodiment.

FIG. 17 is a diagram illustrating the operation of the wire-
less communication system according to the second embodi-
ment.

FIG. 18 is a diagram used for describing a user scheduling
algorithm of a pico base station and a macro base station
according to the second embodiment.

FIG. 19 is a diagram used for describing another configu-
ration example of an E-Control region Typel.

DESCRIPTION OF EMBODIMENTS

Described below in detail with reference to the accompa-
nying drawings are embodiments of a wireless communica-
tion system, a base, station, a mobile station, and a wireless
communication method disclosed by the present application.
This invention is not limited to the embodiments.

Described first with reference to FIG. 1 to FIG. 5 is a
technology as a basis of the wireless communication system
disclosed by the present application. FIG. 1 is a diagram
illustrating an example of a heterogeneous network. The het-
erogeneous network illustrated in FIG. 1 is a network in
which a micro cell and picocells are arranged in a coexisting
manner, in which a macro base station and pico base stations
are connected through wired interfaces such as optical fibers.
In such a heterogeneous network, when the macrocell and the
picocells are operated at the same frequency, for example, in
a mobile station connected to a pico base station, a downlink
desired signal SG1 from the pico base station is influenced by
a large interference signal SG2 from the macro base station.
As a result, the communication quality of the physical chan-
nels (the control channel and the shared channel) may
degrade.

Before describing the influence of this inter-cell interfer-
ence on the physical channels, described with reference to
FIG. 2 are the structure of the physical channels and a method
for mapping to time and frequency resources. FIG. 2 is a
diagram used for describing a mapping method for the physi-
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cal channels. As illustrated in FIG. 2, in the time domain, a
subframe with a length of 1 ms is made up of 14 Orthogonal
Frequency Division Multiplexing (OFDM) symbols, and a
control channel is mapped to the front n (=1 to 3) OFDM
symbols. Examples of the control channel include a Physical
Control Format Indicator Channel (PCFICH), a Physical
Hybrid ARQ Indicator Channel (PHICH), and a Physical
Downlink Control Channel (PDCCH).

The value of n is defined as control information called a
Control Format Indicator (CFI). Physical Downlink Shared
Channels (PDSCH) for use in the transmission of user data
and the like are mapped to the remaining OFDM symbols. In
the frequency domain, a resource block (RB) as a frequency
resource allocation unit is made up of 12 subcarriers, and the
shared channel for each user is frequency-multiplexed in an
RE unit. Cell-specific reference signals (RSs) for use in chan-
nel estimation and the like are sparsely mapped in the time
and frequency domains. As the minimum unit of the time and
frequency resource, a resource element (RE) is defined that is
an area surrounded by one OFDM symbol and one subcarrier.
As a mapping unit of the control channel, a resource element
group (REG) is defined that is made up of four consecutive
REs in the frequency domain except the RSs.

Described next in detail is particularly a mapping method
for the control channel of the above-described physical chan-
nels. The PCFICH is a physical channel for use in the trans-
mission of the CFI. Four REGs for the PCFICH are mapped
in a scattered manner at substantially equal intervals within a
system bandwidth with a subcarrier position depending on a
cell identity (ID) as a starting point in the first OFDM symbol
in the subframe.

The PHICH is a physical channel for use in the transmis-
sion of ACK/NACK information on an uplink shared channel.
Depending on a parameter Ng reported from a higher layer,
the number of PHICH groups is determined, and three REGs
are used for each of the PHICH groups. The three REGs are
mapped in a scattered manner at substantially equal intervals
in the system bandwidth with a subcarrier position depending
on the cell ID as a starting point among REGs to which the
PCFICH is not mapped.

The PDCCH is a physical channel for use in the transmis-
sion of broadcast information and scheduling information on
user data. FIG. 3 is a diagram used for describing a mapping
method forthe PDCCH. A Control Channel Element (CCE) is
defined as a resource unit used by each PDCCH. The CCE
corresponds to nine REGs (=36 REs). An aggregation level
(hereinafter denoted as an “AL”) is a parameter correspond-
ing to the number of CCEs used by the PDCCH, that is, a
spreading factor. The AL is set to be any of {1, 2, 4, 8} by a
base station in accordance with the state of a wireless channel
or the like. As is described below in detail, each PDCCH is
multiplexed with an appropriate offset added and is modu-
lated by Quadrature Phase Shift Keying (QPSK). Each
PDCCH is interleaved in units of four modulation symbols
and is then mapped to an REG to which neither the PCFICH
nor the PHICH is mapped.

In the interleaving processing, the base station first block-
interleaves the QPSK-modulated PDCCH in units of four
modulation symbols and performs cyclic shift based on the
cell ID in units of four modulation symbols. Specifically, a
signal after being block-interleaved is represented by For-
mula 1 below.

w0), ..., WO My pq-1)
where,
p: Antenna No.
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Mg,.uq: Total number of units of four modulation sym-

bols (€8]

A signal after the cyclic shift is represented by Formula 2
below.

W), . . WO My 1)

where,
W= (((+N7p )modM )

Nypee: Cell ID )

With reference to Formula 1 and Formula 2, a mechanism
is understood that when the condition of the number of modu-
lation symbols or the cell ID differs, the rule of sorting in the
interleaving processing also differs.

Because the multiplexed position of the PDCCH is not
reported to the mobile station from the base station, in decod-
ing PDCCH, the mobile station searches for potential candi-
dates for the multiplexed position and attempts to decode
each reception signal. In order to limit the number or times of
decode to such an extent as being capable of processing at the
mobile station, a concept of a search space (hereinafter
referred to as an “SS”) has been introduced. As a result, the
base station multiplexes the PDCCH at an arbitrary position
within the limited search space, and the mobile station needs
to search only the search space to attempt decoding.

FIG. 41is adiagramused for describing a search space of the
PDCCH. FIG. 4 illustrates an example of search spaces in a
certain subframe when there are 33 available CCEs. A com-
mon search space provided for a PDCCH that transmits the
scheduling information of broadcast information is always
fixed to the first 16 CCEs. A user equipment (UE)-specific
search space provided for a PDCCH that transmits the sched-
uling information of the user data has a different front posi-
tion by mobile station, AL, and subframe. This front position
is determined by a hash function. The number of available
CCEs can vary in accordance with a system bandwidth, an
antenna configuration, a CFI, or Ng.

Described next is the influence of inter-cell interference on
the physical channels. In a system in which subframe trans-
mission timing is synchronized among cells, inter-cell inter-
ference may occur between control channels and between
shared channels. In order to reduce such inter-cell interfer-
ence, LTE provides an inter-cell coordination control tech-
nology for the shared channels. The inter-cell coordination
control technology is, for example, a technology called Coor-
dinated Multiple Point (CoMP) that is under study in LTE-
Advanced (Release-11) and a technology called Inter-Cell
Interference Coordination technology (ICIC) in LTE (Re-
lease-8). In these inter-cell interference coordination tech-
nologies such as CoMP and ICIC, a plurality of base stations
are coordinated with each other to transmit a data signal using
a shared channel to a mobile station.

For example, CoMP transmits a shared channel PDSCH
having the same signal component from a pico base station
and a macro bases station to a specific pico mobile station. In
other words, a signal from an adjacent macrocell is received
as a desired signal by the pico mobile station, thereby reduc-
ing inter-cell interference.

For example, for the shared channel PDSCH, ICIC allo-
cates a specific RB to the shared channel of a mobile station
at a cell boundary in the pico base station. The macro base
station does not transmit the shared channel with the RB or
transmits the shared channel with low transmission power,
thereby reducing inter-cell interference.

15

20

25

30

35

40

45

50

55

60

65

6

However, it is difficult to adopt the inter-cell interference
coordination control technologies such as CoMP and ICIC
for control channels such as the PDCCH. This is because, for
control channels, the condition of the number of modulation
symbols or the cell ID differs between adjacent cells as
already described with reference to Formula 1, and thus the
rule of sorting in the interleaving processing differs. Thus, for
control channels, the mapping positions of the PDCCH are
not the same between the adjacent cells, and are scattered
across the entire system bandwidth. As a result, it is difficult
to adopt the inter-cell interference coordination technologies
such as CoMP and ICIC.

Meanwhile, in LTE, in order to solve the recent shortage of
the capacity of the control channel, a concept of a Frequency
Division Multiplexing (FDM) approach is developed that
enhances the control channel to a predetermined region such
as the shared channel region. FIG. 5 is a diagram illustrating
an example of an E-PDCCH by the FDM approach. For
example, as illustrated in FIG. 5 the FDM approach fre-
quency-multiplexes the PDCCH as one of the control chan-
nels to an RB of the PDSCH as the shared channel, thereby
enhancing the PDCCH. The enhanced PDCCH is called
E-PDCCH below.

Described next is a problem with the E-PDCCH. Also in
the E-PDCCH as the control channel enhanced to a predeter-
mined region such as the shared channel, it is desirable to
adopt the inter-cell coordination control such as CoMP and
ICIC as is the case with the PDSCH as the shared channel in
view of reducing inter-cell interference. However, in the
E-PDCCH, as is the case with the conventional PDCCH, the
mapping positions of the E-PDCCH are not the same between
adjacent cells and are arranged in a scattered manner across
the entire of an allocated bandwidth, making it difficult to
adopt the inter-cell coordination control such as CoMP and
ICIC. As a result, control signals using the E-PDCCH may
interfere with each other between cells.

In view of the above circumstances, using the wireless
communication system according to the present embodiment,
a transmission method for the E-PDCCH thereby solves the
above-described problem.

First Embodiment

Described first is a wireless communication method in a
wireless communication system according to a first embodi-
ment. FIG. 6 is a diagram used for describing the wireless
communication method in the wireless communication sys-
tem according to the first embodiment. The wireless commu-
nication system according to the present embodiment is con-
figured as a heterogeneous network in which the macrocell
and the picocells are arranged in a coexisting manner as
illustrated in FIG. 1. The wireless communication system
according to the present embodiment can exchange informa-
tion needed for performing the inter-cell coordination control
such as CoMP and ICIC. The range of cells within which
inter-cell coordination control can be performed is called a
coordinated area below. A coordinated area ID is defined that
is a common identifier between the macro base station and the
pico base station that belong to the coordinated area. This
coordinated area ID is an example of the common identifier.

FIG. 6 illustrates, in two cells (a cell 1 and a cell 2) within
a coordinated area, a situation in which CCEs are allocated to
E-PDCCHs for respective mobile stations (UE: user equip-
ment) and a situation in which the respective CCEs are
mapped to time and frequency resources. It is assumed that,
for example, the cell 1 is a picocell, and the cell 2 is a
macrocell.

Two types of areas, namely, an E-Control region Typel and
an E-Control region Type2 are provided as time and fre-
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quency resources for the E-PDCCH. Among these, the
E-Control region. Typel is a resource for use in inter-cell
coordination control and is provided in units of a predeter-
mined number of RBs. In the example of FIG. 6, two E-Con-
trol regions Typel that are made up of respective two RB units
are provided. These two E-Control regions Typel are pro-
vided at positions common to the cells within the coordinated
area.

The E-Control region Type2 is a resource that is not used
for inter-cell coordination control. The E-Control region
Type2 is for example, provided in units of the number of RBs
that differs by cell in accordance with the number of mobile
stations or the like. The E-Control region Typel and the
E-Control region Type2 have REGs as components as is the
case with the Release 8 Control region. Described below are
specific arrangement examples of these E-Control regions.

CCEs for inter-cell coordination control and CCEs for
non-coordination control are provided as CCEs for the E-PD-
CCH. As is the case with Release 8 PDCCH, one CCE cor-
responds to nine REGs.

First in a mobile station connected to the pico base station,
a situation is assumed in which a desired signal from the pico
base station receives an interference signal from the macro
base station. In this situation, the pico base station and the
macro base station allocate common, CCEs within the CCEs
for inter-cell coordination control to the mobile station con-
nected to the pico base station in the respective cells within
the coordinated area. In the example of FIG. 6, the pico base
station and the macro base station allocate the common CCEs
within the CCEs for inter-cell coordination control to a
mobile station UE1, a mobile station UE2, and a mobile
station UE3 in the cell 1 and the cell 2 within the coordinated
area.

A situation is assumed in which a desired signal from the
pico base station is not receiving any interference signal from
the macro base station. In this situation, the pico base station
and the macro base station allocate the CCEs for non-coor-
dination control to the mobile station in a serving cell of the
mobile station. In the example of F1G. 6, the pico base station
allocates the CCEs for non-coordination control to a mobile
station UE4 in the cell 1 as the serving cell of the mobile
station UE4, and the macro base station allocates the CCEs
for non-coordination control to a mobile station UES in the
cell 2 as the serving cell of the mobile station UE5.

Next, the resources for E-PDCCH of the respective CCEs
are QPSK modulated, then subjected to interleaving process-
ing in units of four modulation symbols, and mapped to the
respective REGs of the E-Control regions. Specifically, when
the CCEs are the CCEs for non-coordination control, the pico
base station and the macro base station block-interleave the
QPSK-modulated E-PDCCH in units of four modulation
symbols and perform cyclic shift based on the cell ID in units
of four modulation symbols. When the CCEs are the CCEs for
inter-cell coordination control, the pico base station and the
macro base station perform interleaving processing in units of
the RB of the E-Control region Typel. For example it is
assumed that one E-Control region Typel includes 22 REGs.
In this case, the Pico base station and the macro base station
cut 22 units of four modulation symbols out of the CCEs for
inter-cell coordination control, perform block interleaving in
units of four modulation symbols, and perform cyclic shift
based on the coordinated area ID in units of four modulation
symbols.

Thus, for example, for the E-PDCCHs for the UE1, the
UE2, and the UE3 in the diagram, CCEs common to the
respective cells are allocated. Block interleaving is performed
in units of processing common to the respective cells. Cyclic

20

25

30

35

40

45

50

55

60

65

8

shift based on the coordinated area ID as the identifier com-
mon to the respective cells is performed. After that, the
resources for E-PDCCH are mapped to the REGs within the
E-Control region Typel as the time and frequency resources
common to the respective cells. Consequently, a control chan-
nel E-PDCCH having the same signal component can be
transmitted from the pico base station and the macro base
station to a specific mobile station. This can improve the
reception characteristics of the E-PDCCH.

For example, for the E-PDCCHs for the UE4 and the UES
in the diagram, CCEs are allocated in the serving cell.
Because the CCEs are commonly used between the cells,
E-PDCCHs for a larger number of mobile stations are accom-
modated.

Described here are specific arrangement examples of the
E-control region. FIG. 7 is a diagram illustrating an arrange-
ment example (Part 1) of the E-Control region in the first
embodiment. FIG. 8 is a diagram illustrating an arrangement
example (Part 2) of the E-Control region in the first embodi-
ment. FIG. 7 illustrates a situation in which the number of
transmission antennas is four, and three OFDM symbols are
used as the Release 8 Control region. FIG. 8 illustrates a
situation in which the number of transmission antennas is
two, and two OFDM symbols are used as the Release 8
Control region.

As illustrated in FIG. 7 and FIG. 6, for Cell-specific RS, the
number of REs used differs in accordance with the number of
transmission antennas, and the mapping position shifts in the
frequency domain in accordance with the cell ID. For Chan-
nel State Information (CSI)-RS as a reference signal for chan-
nel quality measurement, REs used are limited to a part of the
REs drawn in the diagram, and patterns of a transmission
period and the like are set by a higher layer. As a result, there
are REGs whose mapping positions are independent of the
cell among REs that are not used by the other physical chan-
nels. The REGs whose mapping positions are independent of
the cell are used as the E-Control region Typel and the
E-Control region Type2. There are also REGs whose map-
ping positions are dependent on the cell among REs that are
not used by the other physical channels. The REGs whose
mapping positions are dependent on the cell are used as the
E-Control region Type2.

The configuration of the E-Control region may adopt a
predetermined configuration set in advance within the wire-
less communication system. The configuration of the E-Con-
trol region may be a configuration switched by the base sta-
tions within the wireless communication system as needed.
When the base stations within the wireless communication
system switch the configuration of the E-Control region, the
base station reports E-Control region configuration informa-
tion indicating the configuration of the E-Control region to a
mobile station. The E-Control region configuration informa-
tion includes, for example, information on the position of RBs
used as the E-Control region and information on the unit
bandwidth (e.g., a unit bandwidth of two RBs) of the E-Con-
trol region Typel. Further included is information indicating
whether REGs whose mapping positions are independent of
the cell among REGs for the E-PDCCH are used as the
E-Control region Typel.

Described next is the configuration of the wireless com-
munication system according to the present embodiment.
FIG. 9 is a diagram illustrating the configuration of the wire-
less communication system according to the first embodi-
ment. As illustrated in FIG. 9, this wireless communication
system 1 includes a pico base station 100 and a macro base
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station 200. It is assumed that the pico base station 100 and the
macro base station 200 are base stations that belong to a
coordinated area.

The pico base station 100 includes a controller 100q and a
communication unit 1005. The controller 100a includes a
CoMP-applicable UE determining unit 101, a scheduler 102,
and a data signal generator 103. The controller 100a also
includes a control signal generator 104, a reference signal
generator 105, a physical channel multiplexer 106, an uplink
control signal demodulator 108, an inverses fast Fourier
transform (IFFT) unit 109. The communication unit 1006
includes a radio frequency (RF) reception unit 107 and an RF
transmission unit 110. These components are connected so
that signals and data can be input and output unidirectionally
or bidirectionally. Physically, the controller 100« is made no
of a digital circuit, a digital signal processor (DSP), a central
processing unit (CPU), and the like, and the communication
unit 1005 is made up of an analog circuit including amplifiers
and filters and the like.

The CoMP-applicable UE determining unit 101 deter-
mines, based on information on the received power (reference
signal received power (RSRP)) of the respective cells
reported from the respective mobile stations, whether the
mobile station is a CoMP-applicable UE and determines a
coordination cell. The coordination cell is a cell on which
CoMP as one piece of the inter-cell coordination control can
be performed. The CoMP-applicable UE determining unit
101 reports to the scheduler 102 the information indicating
whether the mobile station is a CoMP-applicable UE and the
information on the coordination cell as CoMP-applicable UE
information.

The scheduler 102 performs user scheduling based on the
CoMP-applicable UE information and channel quality indi-
cators (CQIs) reported from the respective mobile stations.
For example, the scheduler 102 allocates frequency resources
to the shared channels for the respective mobile stations and
allocates CCEs to the E-PDCCHs for the respective mobile
stations based on the CoMP-applicable UE information and
the CQIs reported from the respective mobile stations. In
order to perform inter-cell coordinated user scheduling, the
scheduler 102 exchanges user data, control data, and sched-
uling information on the CoMP-applicable UE with a sched-
uler 202 of the macro base station 200 that accommodates the
coordination cell. This exchange is performed through a
wired interface.

The data signal generator 103 generates a data signal of the
PDSCH or the like based on the user data, a search space
switching instruction described below, the E-Control region
configuration information, and the like. The control signal
generator 104 generates a control signal of the E-PDCCH or
the like based on control information made up of resource
allocation information and the like. The reference signal gen-
erator 105 generates a reference signal.

The physical channel multiplexer 106 frequency multi-
plexes the physical channels. For example, the physical chan-
nel multiplexer 106 block-interleaves the E-PDCCHs of the
respective CCEs among the physical channels in units of four
modulation symbols and performs cyclic shift based on the
coordinated area ID in units of four modulation symbols,
thereby frequency-multiplexing the E-PDCCHs.

The RF reception unit 107 performs conversion from a
radio frequency to a baseband, orthogonal demodulation, and
analog to digital (A/D) on an uplink reception signal. The RF
reception unit 107 has an antenna A1l and receives an uplink
signal. The uplink control signal demodulator 108 performs
demodulation on an uplink control signal and restores the
CQI as the control information and the RSRP of the respec-
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tive cells. The IFFT unit 109 performs inversed fast Fourier
transform (IFFT) and adds a cyclic prefix (CP). The RF trans-
mission unit 110 performs D/A conversion and orthogonal
modulation, performs conversion from a baseband into a
radio frequency, and transmits a downlink signal with power
amplified. The RF transmission unit 110 has an antenna A2
and transmits a downlink signal.

Similarly, the macro base station 200 includes a controller
200a and a communication unit 2005. The controller 200a
includes a CoMP-applicable UE determining unit 201, the
scheduler 202, and a data signal generator 203. The controller
200q also includes a control signal generator 204, a reference
signal generator 205, a physical channel multiplexer 206, an
uplink control signal demodulator 209, an inversed fast Fou-
rier transform (IFFT) unit 209. The communication unit 2005
includes an RF reception unit 207 and an RF transmission unit
210. These components are connected so that signals and data
can be input and output unidirectionally or bidirectionally.
Physically, the controller 200a is made up of a digital circuit,
a digital signal processor (DSP), a central processing unit
(CPU, and the like, and the communication unit 2005 is made
up of an analog circuit including amplifiers and filters and the
like.

The macro base station 200 has a similar configuration to
the pico base station 100. Accordingly, similar components
are given reference numerals with the same ends, and detailed
description thereof is omitted.

Described next is the configuration of a mobile station 10.
FIG. 10 is a diagram illustrating the configuration of a mobile
station according to the first embodiment. The mobile station
10 includes a controller 10a and a communication unit 105.
The controller 10a includes an FFT unit 12, a data signal
demodulator 13, a control signal demodulator 14, a channel
estimating unit 15, a CQI calculating unit 16, an RSRP mea-
suring unit 17, and an uplink control signal generator 18. The
communication unit 105 includes an RF reception unit 11 and
an RF transmission unit 19. These components are connected
so that signals and data can be input and output unidirection-
ally or bidirectionally.

The RF reception unit 11 performs conversion from a radio
frequency to a baseband, orthogonal demodulation, and A/D
conversion on a downlink reception signal. The RF reception
unit 11 receives a downlink signal by an antenna AS. The FFT
unit 12, as is the case with the typical OFDM method, detects
the cut-out timing of the reception signal, removes a CP, and
then converts the detection result into a reception signal in the
frequency domain by the fast Fourier transform (FFT).

The data signal demodulator 13, based on the resource
allocation information, demodulates a data signal extracted
from the reception signal and restores data information. The
data information includes, in addition to the user data, control
information from the higher layer such as the search space
switching instruction and the E-Control region configuration
information. When having restored the search space switch-
ing instruction as the data information, the data signal
demodulator 13 reports the restored search space (SS) switch-
ing instruction to the control signal demodulator 14.

The control signal demodulator 14 demodulates the control
signal of E-PDCCH extracted from the reception signal or the
like and restores the resource allocation information as the
control information. When the SS switching instruction has
been reported from the data signal demodulator 13, the con-
trol signal demodulator 14 switches the range to be searched
for when decoding the E-PDCCH.

The channel estimating unit 15 takes correlation between
the reference signal extracted from the reception signal and a
replica of a known reference signal to obtain a channel esti-
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mated value. This channel estimation is performed not only
on a cell to which the mobile station 10 is connected, but also
on its neighboring cells. The CQI calculating unit 16 calcu-
lates the channel quality information (the above CQI) using
the channel estimated value of the cell to which the mobile
station 10 is connected. The RSRP measuring unit 17 mea-
sures the reception power (the above RSRP) of the reference
signals of the respective cells using the channel estimated
values of the cell to which the mobile station 10 is connected
and the neighboring cells. The uplink control signal generator
18 generates an uplink control signal based on control infor-
mation made up of the CQI and the RSRP of the respective
cells. The RF transmission unit 19 performs digital to analog
(D/A) conversion and orthogonal modulation, performs con-
version from a baseband into a radio frequency, and transmits
an uplink signal with power amplified. The RF transmission
unit 19 transmits an uplink signal from an antenna A6. Physi-
cally, the controller 10« is made up of a digital circuit, a DSP,
a CPU, and the like, and the communication unit 105 is made
up of an analog circuit including amplifiers and filters and the
like.

Described next is operation. The present embodiment
assumes a network environment in which a plurality of pico-
cells coexist in a macrocell as illustrated in FIG. 1. FIG. 11 is
a diagram illustrating the operation of the wireless commu-
nication system 1 according to the first embodiment. The
following assumes that the mobile station 10 is connected to
the pico base station 100, and that the pico base station 100
and the macro base station 200 that belong to a coordinated
area hold a common coordinated area ID. The following may
call a picocell to which the mobile station 10 is connected a
serving cell.

At S1, the pico base station 100 reports to the mobile
station 10 the E-Control region configuration information.
The mobile station 10 that has received the E-Control region
configuration information specifies the arrangement of the
E-control region Typel and the E-control region Type2 to
which CCEs are mapped.

At S2, the pico base station 100 transmits the CSI-RS. At
S3, the macro base station 200 transmits the CSI-RS. At S4,
the mobile station 10 measures the reception power of the
CSI-RS for the picocell to which it is connected audits neigh-
boring cells. The neighboring cells include the cells within
the coordinated area. At S5, the mobile station 10 reports to
the pico base station 100 the measurement result of the recep-
tion power as the RSRP.

At S6, the pico base station 100 estimates the state of
inter-cell interference in the mobile station 10 based on the
RSRP of the respective cells reported from the mobile station
10 and detects the CoMP-applicable UE and determines the
coordination cell based on the estimation result. For example,
when RSRP of the picocell to which the mobile station 10 is
connected is “RSRP_S” and RSRP of the respective cells
within the coordinated area including the macrocell is
“RSRP_I,” the difference a=IRSRP_S-RSRP_II represents
the state of inter-cell interference in the mobile station 10.
Given this situation, when there exists any cell whose a is a
predetermined threshold or less among the cells in the coor-
dinated area, the pico base station 100 detects the mobile
station 10 connected to the picocell as the CoMP-applicable
UE and determines the cell whose a.is the threshold or less as
the coordination cell. It is assumed in the present embodiment
that the pico base station 100 has determined the macrocell as
the coordination cell.

At 87, the pico base station 100 reports to the mobile
station 10 the SS switching instruction that instructs the
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switching of the search space (SS) searched by the mobile
station 10 when decoding the E-PDCCH.

Described here is specific processing performed by the
pico base station 100 at S7. As illustrated in FIG. 12 and FIG.
13, the SS searched by the mobile station 10 when decoding
E-PDCCH includes Enhanced (E)-SS Typel as an SS defined
on the CCEs for inter-cell coordination control and E-SS
Type2 as an SS defined on the CCEs for non-coordination
control. When the mobile station 10 is the CoMP-applicable
UE, the pico base station 100 reports to the mobile station 10
an SS switching instruction that instructs the switching of the
current SS to the E-SS Typel illustrated in FIG. 12. In con-
trast, when the mobile station 10 is not the CoMP-applicable
UE, the pico base station 100 reports to the mobile station 10
an SS switching instruction that instructs the switching of the
current SS to the E-SS Type2 illustrated in FIG. 13. FIG. 12 is
a diagram illustrating an example of the E-SS Typel in the
first embodiment. FIG. 13 is a diagram illustrating an
example of the E-SS Type?2 in the first embodiment.

Returning back to FIG. 11, at S8, the pico base station 100
and the macro base station 200 perform user scheduling in
coordination with each other.

FIG. 14 is a diagram used for describing a user scheduling
algorithm of the pico base station 100 and the macro base
station 200 performed at S8 according to the first embodi-
ment. Because the pico base station 100 and the macro base
station 200 perform the same user scheduling with respect to
its processing contents, described here are the processing
contents of the pico base station 100 as a representative.

First, when the pico base station 100 selects UE to be
scheduled (S31), it is determined whether the UE selected at
S31 is the CoMP-applicable UE (S32).

As a result of the determination at S32, if the UE selected
at S31 is not the CoMP-applicable UE (No at S32), the pico
base station 100 determines whether an RB for a data signal
can be reserved (S33). As a result of the determination, if the
RB can be reserved (Yes at S33), the pico base station 100
selects an AL of the E-PDCCH (S34) and determines whether
a CCE for the E-PDCCH can be reserved in the region of the
E-SS Type2 of the serving cell (S35). As a result of the
determination, if the CCE can be reserved (Yes at S35), the
pico base station 100 reserves the RB for the data signal and
the CCE for the E-PDCCH (836). In this situation, the pico
base station 100 reserves the RB for the data signal and the
CCE for the E-PDCCH based on its own cell ID. After that,
the pico base station 100 searches for another UE to be sched-
uled within the coordinated area (S37), and if there is no other
UE (No at S37), ends the user scheduling processing.

As a result of the determination at S32, if the UE selected
at S31 is the CoMP-applicable UE (Yes at S32), the pico base
station 100 determines whether the RB for the data signal can
bereserved in the serving cell and the coordination cell (S38).
As a result of the determination, if the RB for the data signal
can be reserved (Yes at S38), the pico base station 100 selects
an AL of the E-PDDCH (S39) and determines whether the
CCE for the E-PDCCH can be reserved in the region of the
E-SS Typel of the serving cell and the coordination cell
(S40). As a result of the determination, if the CCE can be
reserved (Yes at S40), the pico base station 100 reserves the
RB for the data signal and the CCE for the E-PDCCH (S36).
In this situation, the pico base station 100, based on the
coordinated area ID, reserves the RB for the data signal and
the CCE for the E-PDCCH at a position common to the region
of the E-SS Typel of the serving cell and the coordination
cell.

Ifit is determined that the RB is not reserved at S33 or S38
(No at S33 or No at S38), the process returns back to S31, and
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the processing at S31 and the subsequent processing are per-
formed again. If it is determined that the CCE is not reserved
at S35 or 340 (No at S35 or No at S40), similarly the process
returns back to S31, and the processing at S31 and the sub-
sequent processing are performed again.

A series of processing from S31 to S40 is performed
repeatedly until no UE to be scheduled is present (Yes at S37),
at ends when scheduling processing is completed for all UE.

Returning back to FIG. 11, at S9, the pico base station 100
transmits to the mobile station 10 as the CoMP-applicable UE
the same E-PDCCH as the macro base station 200 using the
CCE for the E-PDCCH at a position common to the region of
the E-SS Typel of the serving cell and the coordination cell.

At S10, the macro base station 200 transmits to the mobile
station 10 as the CoMP-applicable UE the same E-PDCCH as
the pico base station 100 using the CCE for the E-PDCCH at
a position common to the region of the E-SS Typel of the
serving cell and the coordination cell. The E-PDCCH trans-
mitted at S9 and the E-PDCCH transmitted at S10 are com-
bined on a wireless channel and reach the receiving antenna
of the mobile station 10 with a signal to interference noise
ratio (SINR) improved. This reduces interference on the
E-PDCCH of the CoMP-applicable UE in the picocell from
the macrocell.

The pico base station 100 transmits to the mobile station 10
notas the CoMP-applicable UE the E-PDCCH using the CCE
in the region of the E-SS Type2.

AtS11, the mobile station 10 performs the switching of the
SS in accordance with the SS switching instruction reported
from the pico base station 100 at S7 and searches the SS after
switching to decode the E-PDCCH. Specifically, the mobile
station 10 as the CoMP-applicable UE switches the current
SS to the E-SS Typel and searches the E-SS Typel to decode
the E-PDCCH. The mobile station 10 not as the CoMP-
applicable UE switches the current SS to the E-SS Type2 and
searches the E-SS Type2 to decode the E-PDCCH. The
mobile station 10 acquires the resource allocation informa-
tion of the PDSCH from the decoded. E-PDCCH.

At S12, the pico base station 100 transmits to the mobile
station 10 as the CoMP-applicable UE the same PDSCH as
the macro base station 200 using the allocated RB at the
common position.

At S13, the macro base station 200 transmits to the mobile
station 10 as the CoMP-applicable UE the same PDSCH as
the pico base station 100 using the allocated RB at the com-
mon position. The PDSCH transmitted at S12 and the
PDSCH transmitted at S13 are combined on the wireless
channel and reach the receiving antenna of the mobile station
10 with the SINR improved. This reduces interference on the
PDSCH of the CoMP-applicable UE in the picocell from the
macrocell.

The pico base station 100 transmits to the mobile station 10
not as the CoMP-applicable UE the PDSCH using the allo-
cated RB.

At S14, the mobile station 10 decodes the PDSCH mapped
to the RB indicated by the resource allocation information
acquired at S11 to obtain user data.

As described above, the wireless communication system 1
according to the first embodiment performs inter-cell coordi-
nation control that coordinates the pico base station 100 and
the macro base station 200 with each other and transmits a
signal to the mobile station 10 of the picocell. The wireless
communication system 1 includes the pico base station 100,
the macro base station 200, and the mobile station 10 of the
picocell. The pico base station 100 includes a controller 1004
and a communication unit 1005. The controller 100a inter-
leaves resources of the PDCCH of the picocell corresponding
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to a predetermined resource unit based on the coordinated
area ID that is an identifier common to the pico base station
100 and the macro base station 200. The communication unit
1004 transmits a control signal to the mobile station 10 of the
picocell using the first resource of the E-PDCCH of the pico-
cell that corresponds to at least a part of the predetermined
resource unit and is to be decoded by the mobile station 10 of
the picocell. The macro base station 200 includes a controller
200a and a communication unit 2005. The controller 200a
interleaves resources of the E-PDCCH of the macrocell cor-
responding to the predetermined resource unit based on the
coordinated area ID. The communication unit 2005 transmits
a control signal to the mobile station 10 of the picocell using
the second resource of the E-PDCCH of the macrocell that
corresponds to at least a part of the predetermined resource
unit and is to be decoded by the mobile station 10 of the
picocell. The mobile station 10 of the picocell includes a
communication unit 105 that receives the control signal trans-
mitted from the pico base station using the first resource and
receives the control signal transmitted from the macro base
station 200 using the second resource. The predetermined
resource unit is one or more RBs. The first resource is a search
space (SS) unique to the mobile station 10 of the picocell,
which includes, for example, the E-SS Typel as an SS defined
on the CCEs for inter-cell coordination control and the E-SS
Type2 as an SS defined on the CCEs for non-coordination
control. This causes the wireless communication system 1 to
reduce the inter-cell interference of the E-PDCCH.

Second Embodiment

Described in a second embodiment is an example of adopt-
ing the technology of ICIC to the wireless communication
system in the first embodiment. Specifically, the scheduler
102 of the pico base station 100 and the scheduler 202 of the
macro base station 200 in the first embodiment reserve CCEs
for the E-PDCCH at a position common to the areas of the
E-SS Typel of the serving cell and the coordination cell. This
allows the E-PDCCH having the same signal component to be
transmitted from the pico base station and the macro base
station using all resources of the CCE for inter-cell coordina-
tion control reserved as the CCE for the E-PDCCH and can
reduce the inter-cell interference of the E-PDCCHs. On the
other hand, however, because control information to be trans-
mitted is exchanged between the base stations, high speed
control is needed.

The wireless communication system according to the
present embodiment performs inter-cell coordination control
that reduces the inter-cell interference of the E-PDCCH using
a relatively simple method. In order to achieve the inter-cell
coordination control, one of the schedulers of the pico base
station and the macro base station sets the partial region of the
CCE:s for inter-cell coordination control to be zero or low
transmission power, and the other scheduler transmits the
E-PDCCH at the region.

Described first is a wireless communication method in the
wireless communication system according to the present
embodiment. FIG. 15 is a diagram used for describing the
wireless communication method using the wireless commu-
nication system according to the second embodiment. FIG.
15 illustrates a situation in two cells (a cell 1 and a cell 2)
within a coordinated area, in which CCEs are allocated to
E-PDCCHs for respective UE and the respective CCEs are
mapped to time and frequency resources. It is assumed that,
for example, the cell 1 is a picocell, and the cell 2 is a
macrocell. Described below are principal differences
between the second embodiment and the first embodiment.

First, the pico base station and the macro base station set
the transmission power of at least a partial region of the CCEs
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for inter-cell coordination control to be zero or a value smaller
than a current value. The region whose transmission power is
thus set to be zero or the value smaller than the current value
is called a “transmission free region” below. In the example of
FIG. 15, the pico base station sets in the cell 1 four CCEs
among the CCEs for inter-cell coordination control as the
transmission free region, and the macro station sets in the cell
2 eight CCEs among the CCEs for inter-cell coordination
control as the transmission-free region.

The pico base station and the macro base station exchange
transmission-free region information indicating the transmis-
sion-free regions. In the example of FIG. 15, the pico base
station reports to the macro base station information on the
position, identification number, and the like of the four CCEs
set as the transmission-free region among the CCEs for inter-
cell coordination control as transmission-free region infor-
mation. The macro base station reports to the pico base station
information on the position, identification number, and the
like of the eight CCEs set as the transmission-free region
among the CCEs for inter-cell coordination control as trans-
mission-free region information.

When the transmission-free region of the macro base sta-
tion indicated by the transmission-free region information
reported from the macro base station overlaps with the CCEs
for inter-cell coordination control, the pico base station allo-
cates the CCEs in the overlapping region to an E-PDCCH for
a mobile station that is on the border with the macrocell as an
adjacent cell. In the example of FIG. 15, the pico base station
allocates the eight CCEs in the area in which the transmis-
sion-free region of the macro base station overlaps with the
CCE:s for inter-cell coordination control to the mobile sta-
tions UE1 and UE3 that are on the border with the cell 2.

When the transmission-free region of the pico base station
indicated by the transmission-free region information
reported from the pico base station overlaps with the CCEs
for inter-cell coordination control, the macro base station
allocates the CCEs in the overlapping region to an E-PDCCH
for a mobile station that is on the border with the picocell as
an adjacent cell. In the example of FIG. 15, the macro base
station allocates the four CCEs in the area in which the trans-
mission-free region of the pico base station overlaps with the
CCE:s for inter-cell coordination control to the mobile station
UE2 that is on the border with the cell 1.

This can reduce, for example, interference between the
E-PDCCHs for the UE1, the UE2, and the UE3 and the
adjacent cells in the diagram.

Described next is the configuration of the wireless com-
munication system according to the present embodiment.
FIG. 16 is a diagram illustrating the configuration of the
wireless communication system according to the second
embodiment. As illustrated in FIG. 16, this wireless commu-
nication system 2 includes a pico base station 300 and a macro
base station 400. The pico base station 300 includes a con-
troller 3004 and a communication unit 3005. The controller
300aq includes an ICIC-applicable UE determining unit 301, a
scheduler 302, and a data signal generator 303. The controller
300q includes a control signal generator 304, a reference
signal generator 305, a physical channel multiplexer 306, an
uplink control signal demodulator 308, and an IFFT unit 309.
The communication unit 3005 includes an RF reception unit
307 and an RF transmission unit 310. These components are
connected so that signals and data can be input and output
unidirectionally or bidirectionally.

Similarly, the macro base station 400 includes a controller
400a and a communication unit 4005. The controller 400a
includes an ICIC-applicable UE determining unit 401, a
scheduler 402, and a data signal generator 403. The controller
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400q includes a control signal generator 404, a reference
signal generator 405, a physical channel multiplexer 406, an
uplink control signal demodulator 408, and an IFFT unit 409.
The communication unit 4005 includes an RF reception unit
407 and an RF transmission unit 410. These components are
connected so that signals and data can be input and output
unidirectionally or bidirectionally.

The wireless communication system 2 has a similar con-
figuration to the wireless communication system 1 in the first
embodiment. Accordingly, similar components is given ref-
erence numerals with the same ends, and detailed description
thereof is omitted.

Specifically, the pico base station 300 and the macro base
station 400 in the second embodiment are components corre-
sponding to the pico base station 100 and the macro base
station 200 in the first embodiment, respectively. The control-
ler 300a and the communication unit 3005 of the pico base
station 300 correspond to the controller 100a and the com-
munication unit 1005 of the pico base station 100, respec-
tively. Similarly, the controller 400a and the communication
unit 4005 of the macro base station 400 correspond to the
controller 200a and the communication unit 2005 of the
macro base station 200, respectively.

The ICIC-applicable UE determining unit 301, the sched-
uler 302, and the data signal generator 303 of the pico base
station 300 correspond to the CoMP-applicable UE determin-
ing unit 101, the scheduler 102, and the data signal generator
103 of the pico base station 100, respectively. The control
signal generator 304, the reference signal generator 305, and
the physical channel multiplexer 306 correspond to the con-
trol signal generator 104, the reference signal generator 105,
and the physical channel multiplexer 106, respectively. The
uplink control signal demodulator 308 and the IFFT unit 309
correspond to the uplink control signal demodulator 108 and
the IFFT unit 109, respectively. The RF reception unit 307
and the RF transmission unit 310 correspond to the RF recep-
tion unit 107 and the RF transmission unit 110, respectively.

The macro base station 400 has a similar configuration to
the pico base station 300. Accordingly, similar components
are given reference numerals with the same ends, and detailed
description thereof is omitted. The configuration of a mobile
station is similar to that of the first embodiment, and the
description thereof is omitted.

Described below are principal differences between the sec-
ond embodiment and the first embodiment. The ICIC-appli-
cable UE determining unit 301 of the pico base station 300
determines, based on information on the RSRP of respective
cells reported from respective mobile stations, whether the
mobile station is an ICIC-applicable UE and determines a
coordination cell. The coordination cell is a cell on which
ICIC as the inter-cell coordination control can be performed.
The ICIC-applicable UE determining unit 301 reports to the
scheduler 302 the information indicating whether the mobile
station is an ICIC-applicable UE and the information on the
coordination cell as ICIC-applicable UE information.

The scheduler 302 performs user scheduling based on the
ICIC-applicable UE information and CQIs reported from the
respective mobile stations. For example, the scheduler 302
allocates frequency resources to the shared channels for the
respective mobile stations and allocates CCEs to the E-PD-
CCHs for the respective mobile stations based on the ICIC-
applicable UE information and the CQIs reported from the
respective mobile stations. In order to perform user schedul-
ing using the transmission-free region of the cells, the sched-
uler 302 exchanges the transmission-free region information
of the PDSCH and the transmission-free region information
of the S-PDCCH with the scheduler 402 of the macro base
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station 400 that accommodates the coordination cell. This
exchange is performed through a wired interface.

Described next is operation. The present embodiment
assumes a network environment in which a plurality of pico-
cells coexist in a macrocell as illustrated in FIG. 1. FIG. 17 is
a diagram illustrating the operation of the wireless commu-
nication system 2 according to the second embodiment. The
following assumes that the mobile station 10 is connected to
the pico base station 300, and the pico base station 300 and the
macro base station 400 that belong to a coordinated area hold
a common coordinated area ID. The following may call a
picocell to which the mobile station 10 is connected a serving
cell.

At S51, the pico base station 300 reports to the mobile
station 10 the E-Control region configuration information.
The mobile station 10 that has received the E-Control region
configuration information specifies the arrangement of the
E-control region Typel and the E-control region Type2 to
which CCEs are mapped.

At S52, the pico base station 300 transmits the CSI-RS. At
S53, the macro base station 400 transmits the CSI-RS. At S54,
the mobile station 10 measures the reception power of the
CSI-RS for the picocell to which it is connected and its
neighboring cells. The neighboring cells include the cells
within the coordinated area. At S55, the mobile station 10
reports to the pico base station 300 the measurement result of
the reception power as the RSRP.

At S56, the pico base station 300 sets the transmission-free
region of the PDSCH and the transmission-free region of the
E-PDCCH and reports to the macro base station 400 the
transmission-free region information of the PDSCH and the
transmission-free region information of the E-PDCCH. At
S57, the macro base station 400 sets the transmission-free
region of the PDSCH and the transmission-free region of the
E-PDCCH and reports to the pico base station 300 the trans-
mission-free region information of the PDSCH and the trans-
mission-free region information of the E-PDCCH.

At S58, the pico base station 300 estimates the state of
inter-cell interference in the mobile station 10 based on the
RSRP of the respective cells reported from the mobile station
10, and based on the estimation result, detects ICIC-appli-
cable UE, and determines a coordination cell. Specifically,
when there is any cell whose o, which indicates the state of
inter-cell interference in the mobile station 10, is a predeter-
mined threshold or less among the cells within the coordi-
nated area, the pico base station 300 detects the mobile station
10 connected to the picocell as the ICIC-applicable UE. The
pico base station 300 determines a cell with the highest RSRP
among the cell whose « is a predetermined threshold or less
as a coordination cell. In the present embodiment, it is
assumed that the pico base station 300 has determined the
macrocell as the coordination cell.

At S59, the pico base station 300 reports to the mobile
station 10 the SS switching instruction that instructs the
switching of the SS to be searched by the mobile station 10
when decoding the E-PDCCH. Specifically, when the mobile
station 10 is the ICIC-applicable UE, the pico base station 300
reports to the mobile station 10 an SS switching instruction
that instructs the switching of the current SS to the E-SS
Typel illustrated in FIG. 12. In contrast, when the mobile
station 10 is not the ICIC-applicable UE, the pico base station
300 reports to the mobile station 10 an SS switching instruc-
tion that instructs the switching of the current SS to the E-SS
Type2 illustrated in FIG. 13.
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At S60, the pico base station 300 and the macro base station
400 perform user scheduling based on the transmission-free
region indicated by the transmission-free region information
exchanged at S56 and S57.

FIG. 18 is a diagram used for describing a user scheduling
algorithm performed by the pico base station 300 and the
macro base station 400 at S60 according to the second
embodiment. Because the pico base station 300 and the macro
base station 400 perform the same user scheduling with
respect to its processing contents, described here are the
processing contents of the pico base station 300 as a repre-
sentative. Because FIG. 18 is similar to FIG. 14 except that
FIG. 18 includes Steps S72, S78, and S80 in place of Steps
S32, S38, and S40 in FIG. 14, a detailed description of FIG.
18 is omitted. Steps S71, S73 to S77, and S79 in FIG. 18
correspond to Steps S31, S33 to S37, and S39 in FIG. 14,
respectively.

First, when the pico base station 300 selects UE to be
scheduled (S71), it is determined whether the UE selected at
S71 is the ICIC-applicable UE (S72). As a result of the deter-
mination at S72, if the UE selected at S71 is not the ICIC-
applicable UE (No at S72), the pico base station 300 advances
to the processing at S73 and the subsequent processing.

Ifthe UE selected at S71 is the ICIC-applicable UE (Yes at
S72), the pico base station 300 determines whether an RB for
a data signal can be reserved in a region in which the trans-
mission-free region of the coordination cell and the RB of'the
serving cell overlap with each other (S78). As a result of the
determination, if the RB can be reserved (Yes at S78), the pico
base station 300 advances to the processing at S79. After the
processing at S79, the pico base station 300 determines
whether a CCE for the E-PDCCH can be reserved in a region
in which the transmission-free region of the coordination cell
and the E-SS Typel of the serving cell overlap with each other
(S80). As a result of the determination, if the CCE can be
reserved (Yes at S80), the pico base station 300 advances to
the processing S76 and the subsequent processing.

If it is determined that the RB is not reserved at S78 (No at
S78), orif it is determined that the CCEs are not reserved (No
at S80), the process returns back to S71, and the processing at
S71 and the subsequent processing are performed again.

Returning back to FIG. 17, at S61, the pico base station 300
transmits the E-PDCCH to the mobile station 10 as the ICIC-
applicable UE using the CCE for the E-PDCCH in which the
transmission-free region of the coordination cell and the E-SS
Typel of the serving cell overlap with each other. Because of
no interference by a signal from the coordination cell, the
E-PDCCH transmitted from the pico base station 300 at S61
reaches the receiving antenna of the mobile station 10 with an
SINR improved. This reduces interference on the E-PDCCH
of'the ICIC-applicable UE in the picocell from the macrocell.

The pico base station 300 transmits the E-PDCCH using
the CCE in the region of E-SS. Type2 to the mobile station 10
not as the ICIC-applicable UE.

At S62, the mobile station 10 performs the switching of the
SS in accordance with the SS switching instruction reported
from the pico base station 300 at S59 and searches the SS after
switching to decode the E-PDCCH. Specifically, the mobile
station 10 as the ICIC-applicable UE switches the current SS
to the E-SS Typel and searches the E-SS Typel to decode the
E-PDCCH. The mobile station 10 not as the ICIC-applicable
UE switches the current SS to the E-SS Type2 and searches
the E-SS Type2 to decode the E-PDCCH. The mobile station
10 acquires the resource allocation information of the
PDSCH from the decoded. E-PDCCH.

At S63, the pico base station 300 transmits to the mobile
station 10 as the ICIC-applicable UE the PDSCH using the
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RB of the serving cell overlapping with the transmission-free
region of the coordination cell. Because of no interference by
a signal from the coordination cell, the PDSCH transmitted
from the pico base station 300 at S63 reaches the receiving
antenna of the mobile station 10 with an SINR improved. This
reduces interference on the PDSCH of the ICIC-applicable
UE in the picocell from the macrocell.

The pico base station 300 transmits to the mobile station 10
notas the ICIC-applicable UE the PDSCH using the allocated
RB.

At S64, the mobile station 10 decodes the PDSCH mapped
to the RB indicated by the resource allocation information
acquired at S62 to obtain user data.

As described above, in the wireless communication system
2 according to the second embodiment, the controller 400a of
the macro base station 400 sets at least a partial region of the
CCE:s for inter-cell coordination control as the transmission
free region and exchanges the transmission-free region infor-
mation indicating the transmission-free region with the pico
base station 300. Assume a case in which the transmission-
free region in the macro base station 400 indicated by the
transmission-free region information reported from the
macro base station 400 overlaps with the CCEs for inter-cell
coordination control. In this case, the communication unit
3005 of the pico base station 300 transmits a control signal to
the mobile station 10 of the picocell that is on the border with
the macrocell as an adjacent cell using the CCE within the
overlapping region. This reduces interference between the
E-PDCCH and the adjacent cell by the relatively simple
method.

Described in the first embodiment and the second embodi-
ment is a case in which the E-Control region Typel for use in
inter-cell coordination control is provided at a time and fre-
quency position common to the two cells within the coordi-
nated area. However, the E-Control region Typel may be
provided at a time and frequency position common to at least
two cells among all cells within a coordinated area. Described
below is another configuration example of the E-Control
region Typel.

FIG. 19 is a diagram used for describing another configu-
ration example of the E-Control region Typel. As illustrated
in FIG. 19, for example, the E-Control region Typel is pro-
vided at positions of an RBO and an RB1 common to two
cells, namely the cell 1 and the cell 3, among all the three cells
1 to 3 within the coordinated area. For example, the E-Control
region Typel is provided at positions of an RB2 and an RB3
common to two cells, namely the cell 2 and the cell 3, among
all the three cells 1 to 3 within the coordinated area. For
example, the E-Control region Typel is provided at positions
of'an RB4 and an RB5 common to two cells, namely the cell
1 and the cell 2, among all the three cells 1 to 3 within the
coordinated area. In other words, the E-Control region Typel
may be provided at a time and frequency position common to
at least two cells among all cells within the coordinated area.

Assume a case in Which the E-Control region Typel is
provided at a time and frequency position common to at least
two cells among all cells within the coordinated area. In this
case, the pico base station and the macro base station transmit
the E-PDCCH in the E-Control region. Typel provided at the
time and frequency position common to at least two cells.

A description is given using the example illustrated in FI1G.
19. The pico base station and the macro base station transmit
the E-PDCCH for UE to which CoMP or ICIC is adopted
between the cell 1 and cell 3 in the E-Control region Typel
provided at the positions of the RB0 and the RB1 common to
the cell 1 and the cell 3. The pico base station and the macro
base station transmit the E-PDCCH for UE to which CoMP or
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ICIC is adopted between the cell 2 and cell 3 in the E-Control
region Typel provided at the positions of the RB2 and the
RB3 common to the cell 2 and the cell 3. The pico base station
and the macro base station transmit the E-PDCCH for UE to
which CoMP or ICIC is adopted between the cell 1 and cell 2
in the E-Control region Typel provided at the positions of the
RB4 and the RB5 common to the cell 1 and the cell 2. The
correspondence between the position of the CCEs for inter-
cell coordination control and the position of the time and
frequency resources to which the CCEs are mapped is com-
mon in the E-Control region Typel of all cells within the
coordinated area. As a result, when base stations of different
cells transmit the same E-PDCCH on the CCEs for inter-cell
coordination control, the technology of CoMP can be adopted
to the base stations of the different cells. When base stations
of different cell transmit the E-PDCCH so as to be orthogonal
on the CCEs for inter-cell coordination control, the technol-
ogy of ICIC can be adopted to the base stations of the different
cells.

The base stations of the different cells can thereby mini-
mize the resource amount of the E-Control region Typel for
use in inter-cell coordination control. As a result, the base
stations of the different cells can increase the ratio of a
resource amount for the PDSCH or a resource amount of the
E-Control region Type2 available among cells. In other
words, limited wireless resources can be utilized efficiently.

The first embodiment and the second embodiment expand
the control channel to the shared channel region. However,
the embodiments can be adopted to cases in which the control
channel is expanded to predetermined regions of the respec-
tive cells such as a case in which the control channel is
expanded to an excess region resulting from a change in the
bandwidth of the control channel region or a case in which the
control channel is expanded to an arbitrary region that can be
set to be the same size among cells.

In the first embodiment and the second embodiment, the
wireless communication systems disclosed in the present
application reduce interference between the macrocell and
picocell. However, the wireless communication systems 1, 2
can be adopted, without being limited thereto, as technologies
that reduce interference between a macrocell and a femto cell,
interference between a picocell and a femto cell, and inter-
ference between picocells.

An embodiment of the wireless communication system
disclosed in the present application produces the effect of
reducing the inter-cell interference of control channels
enhanced to a shared channel region or the like.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventors to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. A wireless communication system that performs inter-
cell coordination control that coordinates a base station of a
first cell and a base station of'a second cell with each other and
transmits a signal to a mobile station of the first cell, the
wireless communication system comprising:

the base station of the first cell including:
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a first processor that performs a process including first
interleaving resources of a control channel of the first
cell enhanced to a predetermined region of the first
cell corresponding to a predetermined resource unit
based on a common identifier that is an identifier
common to the base station of the first cell and the
base station of the second cell; and

a first transmitter that transmits a control signal to the
mobile station of the first cell using a first resource of
the control channel of the first cell that corresponds to
at least a part of the predetermined resource unit and
is to be decoded by the mobile station of the first cell;

the base station of the second cell including:

a second processor that performs a process including
second interleaving resources of a control channel of
the second cell enhanced to a predetermined region of
the second cell corresponding to the predetermined
resource unit based on the common identifier; and

a second transmitter that transmits a control signal to the
mobile station of the first cell using a second resource
of the control channel of the second cell that corre-
sponds to at least a part of the predetermined resource
unit and is to be decoded by the mobile station of the
first cell; and

the mobile station of the first cell including:

a receiver that receives the control signal transmitted
from the base station of the first cell using the first
resource and receives the control signal transmitted
from the base station of the second cell using the
second resource, wherein

the first interleaving includes block-interleaving the
resources of the control channel of the first cell in units
of a predetermined number of modulation symbols and
performing cyclic shift on the block-interleaved
resources of the control channel of the first cell in units
of the predetermined number of modulation symbols
using the common identifier, and

the second interleaving includes block-interleaving the
resources of the control channel of the second cell in
units of the predetermined number of modulation sym-
bols and performing cyclic shift on the block-interleaved
resources of the control channel of the second cell in
units of the predetermined number of modulation sym-
bols using the common identifier.

2. The wireless communication system according to claim

1, wherein

the predetermined region of the first cell is a shared channel
region of the first cell, and

the predetermined region of the second cell is a shared
channel region of the second cell.

3. The wireless communication system according to claim

1, wherein

the first interleaving includes interleaving resources of the

control channel of the first cell corresponding to a

resource unit different from the predetermined resource

unit based on an identifier unique to the base station of
the first cell,

the first transmitter transmits a control signal to a mobile
station that is not to be subjected to the inter-cell coor-
dination control using the resources of the control chan-
nel of the first cell corresponding to the resource unit
different from the predetermined resource unit,

the second interleaving includes interleaving resources of

the control channel of the second cell corresponding to a

resource unit different from the predetermined resource

unit based on an identifier unique to the base station of
the second cell, and
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the second transmits a control signal to the mobile station
that is not to be subjected to the inter-cell coordination
control using the resources of the control channel of the
second cell corresponding to the resource unit different
from the predetermined resource unit.
4. The wireless communication system according to claim
1, wherein
the predetermined resource unit is one or more resource
blocks (RBs),
the first resource is a resource on a search space unique to
the mobile station of the first cell that is referred to when
the mobile station of the first cell decodes the control
signal transmitted from the base station of the first cell,
and
the search space includes a first search space that is set for
a mobile station of the first cell that is subjected to the
inter-cell coordination control and a second search space
that is set for a mobile station of the first cell that is not
subjected to the inter-cell coordination control.
5. The wireless communication system according to claim
4, wherein the first processor further performs a process
including detecting whether the mobile station of the first cell
is subjected to the inter-cell coordination control and report-
ing to the mobile station of the first cell a search space switch-
ing instruction that instructs to switch between the first search
space and the second search space in accordance with the
detection result.
6. The wireless communication system according to claim
1, wherein the first processor further performs a process
including reporting to the mobile station of the first cell at
least information on a position of a resource to which the
predetermined resource unit is mapped and information on a
unit bandwidth of the resource to which the predetermined
resource unit is mapped as configuration information needed
for determination of the resource to which the predetermined
resource unit is mapped.
7. The wireless communication system according to claim
1, wherein the first transmitter and the second transmitter
transmit a same control signal using a same resource included
in the predetermined resource unit.
8. The wireless communication system according to claim
1, wherein the second processor further performs a process
including setting transmission power of at least a partial
region of the predetermined resource unit to be zero or a value
smaller than a current value and exchanging region informa-
tion indicating the partial region whose transmission power is
set to be zero or the value smaller than the current value with
the base station of the first cell with which the inter-cell
coordination control is performed.
9. The wireless communication system according to claim
8, wherein when the partial region whose transmission power
is set to be zero or the value smaller than the current value in
the base station of the second cell indicated by the region
information reported from the base station of the second cell
overlaps with the predetermined resource unit, the first trans-
mits the control signal to the mobile station of the first cell that
is on a border with the second cell as an adjacent cell using a
predetermined resource unit within the overlapping region.
10. A base station of a first cell in a wireless communica-
tion system that performs inter-cell coordination control that
coordinates a base station of a first cell and a base station of a
second cell with each other and transmits a control signal to a
mobile station of the first cell, the base station comprising:
a first processor that performs a process including first
interleaving resources of a control channel of the first
cell enhanced to a predetermined region of the first cell
corresponding to a predetermined resource unit based on



US 9,277,414 B2

23

a common identifier that is an identifier common to the
base station of the first cell and the base station of the

24

least a part of a predetermined resource unit and is to be
decoded by the mobile station of the first cell and

second cell; and
a first transmitter that transmits a control signal to the

mobile station of the first cell using a first resource of the 5

control channel of the first cell that corresponds to at

least a part of the predetermined resource unit and is to

be decoded by the mobile station of the first cell, wherein

the base station of the second cell includes:

a second processor that performs a process including 10
second interleaving resources of a control channel of
the second cell enhanced to a predetermined region of
the second cell corresponding to the predetermined
resource unit based on the common identifier; and

a second transmitter that transmits a control signal to the 15
mobile station of the first cell using a second resource
of the control channel of the second cell that corre-
sponds to at least a part of the predetermined resource
unit and is to be decoded by the mobile station of the
first cell, 20

the mobile station of the first cell includes:

a receiver that receives the control signal transmitted
from the base station of the first cell using the first
resource and receives the control signal transmitted
from the base station of the second cell using the 25
second resource,

the first interleaving includes block-interleaving the
resources of the control channel of the first cell in units

of a predetermined number of modulation symbols and

performing cyclic shift on the block-interleaved 30

resources of the control channel of the first cell in units

of the predetermined number of modulation symbols

using the common identifier, and

the second interleaving includes block-interleaving the

resources of the control channel of the second cell in 35

units of the predetermined number of modulation sym-

bols and performing cyclic shift on the block-interleaved
resources of the control channel of the second cell in
units of the predetermined number of modulation sym-

bols using the common identifier. 40

11. A mobile station of a first cell in a wireless communi-
cation system that performs inter-cell coordination control
that coordinates a base station of a first cell and a base station
of'a second cell with each other and transmits a control signal
to a mobile station of the first cell, the mobile station com- 45
prising:

a receiver that receives a control signal transmitted from

the base station of the first cell using a first resource of a

control channel of the first cell that corresponds to at L

receives a control signal transmitted from the base sta-

tion of the second cell using a second resource of a

control channel of the second cell that corresponds to at

least a part of the predetermined resource unit and is to
be decoded by the mobile station of the first cell, wherein
the base station of the first cell includes:

a first processor that performs a process including first
interleaving resources of the control channel of the
first cell enhanced to a predetermined region of the
first cell corresponding to the predetermined resource
unit based on a common identifier that is an identifier
common to the base station of the first cell and the
base station of the second cell; and

a first transmitter that transmits the control signal to the
mobile station of the first cell using the first resource
of'the control channel of the first cell that corresponds
to at least a part of the predetermined resource unit
and is to be decoded by the mobile station of the first
cell,

the base station of the second cell includes:

a second processor that performs a process including
second interleaving resources of the control channel
of'the second cell enhanced to a predetermined region
of'the second cell corresponding to the predetermined
resource unit based on the common identifier; and

a second transmitter that transmits the control signal to
the mobile station of the first cell using the second
resource of the control channel of the second cell that
corresponds to at least a part of the predetermined
resource unit and is to be decoded by the mobile
station of the first cell,

the first interleaving includes block-interleaving the
resources of the control channel of the first cell in units
of a predetermined number of modulation symbols and
performing cyclic shift on the block-interleaved
resources of the control channel of the first cell in units
of the predetermined number of modulation symbols
using the common identifier, and

the second interleaving includes block-interleaving the
resources of the control channel of the second cell in
units of the predetermined number of modulation sym-
bols and performing cyclic shift on the block-interleaved
resources of the control channel of the second cell in
units of the predetermined number of modulation sym-
bols using the common identifier.



